L egionnaires' disease is a pneumonia caused by a Gram negative bacillus of the genus Legionella, 1 2 which is an environmental micro-organism found in soil and water. The proportion of pneumonia attributed to Legionella varies from 1% to 16%. 3 Many species of Legionella are pathogenic for humans, but most cases (over 90%) are associated with Legionella pneumophila, with serogroup 1 being the most common. 3 4 The incubation period varies from 2 to 10 days. Risk factors for acquisition of legionnaires' disease are well defined. Chronic lung disease, cancer, immunodepression, chronic illnesses, advanced age, and cigarette smoking increase the risk of infection. [5] [6] [7] [8] The case fatality ratio usually does not exceed 10%, but inappropriate treatment or severe underlying illness could be associated with a 40% case fatality ratio. 3 Legionnaires' disease can be acquired by the inhalation of aerosol containing Legionella or by microaspiration of contaminated water 9 10 ; person to person transmission has not been described. Many devices generating water aerosols can therefore transmit the infection. The two main known sources of contamination are hot water systems (showers, whirlpool baths) and evaporative cooling systems (cooling towers). [11] [12] [13] [14] [15] [16] [17] [18] Other sources of contamination have been identified: grocery store mist machines, 19 decorative fountains, 20 respiratory therapy equipment, 21 22 or industrial aerosol. 23 24 The link between these sources and legionnaires' disease has been shown mainly by the investigation of disease outbreaks whereas most reported cases are sporadic and community acquired. 25 Thus, and although studies have shown the link between sporadic cases and sources as cooling towers or home water supplies, 7 26 27 the source of infection remains unknown for most cases. Before implementing further prevention and control measures, it is important to identify the sources of sporadic cases. Some industrial plants that can spread large volumes of potentially contaminated water aerosols over long distances could be potentially involved in the contamination by Legionella. It has been shown that dissemination of Legionella may occur over long distances (of at least one kilometre). 28 Furthermore, Legionella can infect and replicate within various protozoa found in soil and water. In the environment, protozoa maintain L pneumophila in natural and potable water systems, as they both provide a niche for bacterial replication and serve as a vehicle to protect L pneumophila during the process of water treatment. 29 As it has been shown that amoebae can be aerosolised, 30 any device that can spread water aerosols, potentially contaminated by Legionella or amoebae, should be regarded as a possible source of contamination.
The purpose of this study was to explore the relation between sporadic cases of community acquired legionnaires' disease and the exposure to potentially contaminated industrial aerosol.
METHODS

Study design
We chose an ecological study, where we seek to estimate risks from data aggregated on a geographical basis. The statistical unit was represented by the residential postcode.
Source of information
In France, the surveillance of legionnaires' disease was established in 1987 with a mandatory clinician based notification. Cases are reported to local health officers who in turn notify national health authorities (Institut de Veille Sanitaire). The case definition used in this system includes a clinical diagnosis of pneumonia with biological confirmation (culture confirmation, serological tests, direct fluorescent antibody staining, or Legionella urinary antigen test). Information about age, sex, residential postcode, risk factors, and exposure during the 10 days before the onset of the disease are collected. As the notification was changed in 1997 (new case definition with the introduction of Legionella urinary antigen test, new notification card and better collaboration with the information sources as the Centre National de Référence des Legionella, CNR), only the data collected between 1998 and 2000 by the national notification system were used in this study.
During 2001, we compiled an inventory of industrial sites that may have been involved in generating potentially contaminated water aerosols during all the three years of the study (1998) (1999) (2000) . Industrial sites with aerosol generating devices need to be either licensed or registered (according to the power of the device) by the relevant authorities. The inventory was prepared in collaboration with the regional administration for industry, research and environment (Direction régionale de l'industrie, de la recherche et de l'environnement, DRIRE), the French ministry of environment, and local public health services. Industrial sites that have been identified as potential source for legionnaires' disease were classified into two groups according to the type of device: producing aerosol (for example, installation using cooling system during an industrial process) or producing plume of smoke (nuclear and thermal power station, incinerator for household refuse).
Demographic information for all statistical units were collected from the Institut National des Statistiques et des Etudes Economiques (INSEE). Metropolitan France is divided in 95 departments, each of them divided into several communes (36 551 in 1990), the smallest administrative unit in France. A postcode includes several communes, except for Paris, Lyon, and Marseille areas, where the communes are divided into different postcodes. Data regarding the number of inhabitants and the urban/rural status were obtained for every postcode included in the analysis. It was not possible to collect data about the age and sex distribution per postcode. Three levels were used for the urban/rural status: "urban", "rural" and "both" for postcodes that included both rural and urban communes. Latitude and longitude data were not available for every postcode. Thus, to take into account a potential geographical gradient, the geographical coordinates of the department were calculated using a scale 1-10 north-south and a 1-10 east-west that were allocated to each postcodes within that department.
Case definition A sporadic case of legionnaires' disease was defined as a case that was not part of an identified outbreak.
Patients known to have been hospitalised in the 10 days before onset of disease were assumed to have infection that were possibly nosocomially acquired and were excluded from this study. Patients who have travelled in the 10 days before the onset of disease and for whom the source of exposure has been identified were also excluded from this study.
Statistical analysis
To explore the relation between legionnaires' disease incidence and exposure to industrial aerosol and/or plume of smoke, a multiple Poisson regression model was used. The covariates were the number of source of exposure per postcode and type of exposure (plume of smoke and/or aerosol), urban/ rural status, and a linear geographical gradient, expressed in terms of latitude and longitude for each department. The choice of whether to include the number of exposure as continuous variables, or one of the sets of strata produced was made by considering likelihood ratio tests, and examination of estimates for each set of strata. Data about latitude and longitude were both included even though one of them might not be statistically significant, in order to maintain a symmetrical expression of the coordinate system. These data were then used to obtain adjusted relative risks (RR) with 95% confidence intervals in multivariate Poisson regression model using internal rates. Risks were estimated by using the maximum likelihood method. Interaction effects were considered between latitude and longitude. These analyses were performed using Egret software. 31 The standardised incidence ratio (SIR), the ratio of the observed to the expected number of incident cases were also used to estimate the risk of legionnaires' disease for the different exposure categories. The expected number of cases was calculated by multiplying the observed number of person years in each postcode by the legionnaires' disease incidence derived from the entire French population.
The SIRs (based on external comparisons) were similar to the RRs from Poisson regression (with internal rates), indicating that the studied cohort was representative of the general population (data not shown).
RESULTS
Number and characteristics of cases
During the years 1998-2000, 880 sporadic cases of community acquired legionnaires' disease were notified to the Institut de Veille Sanitaire. The male to female sex ratio was 3.3 (671 men and 205 women). The average age was 57.4, but women were statistically older (61.2 years old versus 56.3, p<0.001). The case fatality ratio was 14% (120/855). Risk factors had been identified for 611 patients (69%) with cigarette smoking the most common (43%). The Legionella species was identified for 760 patients and Legionella pneumophila 1 was identified from 604 patients (79%).
Number and characteristics of exposure Data for exposure to aerosol and plume of smoke were available for 42 French departments (44%), in which 1135 sources of exposure were identified, including 1015 sources of aerosols and 120 sources of plume of smoke.
Description of the geographical units
A total of 3134 postcodes in the 42 French departments, representing 53% of the entire French metropolitan population, were therefore included in the analysis. The average number of inhabitants per postcode was 9687 and for comparative purposes, in France in 1990, the average was 9485. Within these postcodes, 371 sporadic cases of community acquired legionnaires' disease were identified. For 661 postcodes (21.1%), we recorded at least one source of exposure (table 1) . For each postcode, the number of source of exposure varies from 0 to 9 for the aerosol and from 0 to 2 for the plume of smoke (only one postcode with two plumes of smoke); 236 postcodes (36%) were exposed to more than one source. Within the exposed postcodes, there was more urban (36.9%) than rural postcodes (15.6%) (p<0.01). 
Univariate analysis
The univariate analysis showed that all variables were statistically associated with the disease (table 2) . The unadjusted RR for the exposure to aerosol or plume of smoke (at least one source of exposure) was 1.54 (95% CI=1.25 to 1.89), however, when the exposure to aerosol is distinguished from the exposure to plume of smoke, we obtain a greater risk for exposure to plume of smoke (RR=1.95, 95% CI=1.56 to 2.44) than to aerosol (RR=1.42, 95% CI=1.16 to 1.74). These two variables were therefore included separately in the multivariate model.
Multivariate analysis
In the final multivariate model we did not keep the urban/rural status, which was not statistically associated with the incidence of disease (p=0.58). The exposure to plume of smoke was significantly associated with the incidence of disease (RR=1.45, 95% CI=1.12 to 1.87, p<0.01) (table 3) . For the exposure to aerosol, we found no significant relation (p=0.07). On the other hand, there is a positive relation between incidence and exposure to more than one source of aerosol (RR=1.37; 95% CI=1.04 to 1.79, p=0.02). Both latitude and longitude were positively associated with the incidence of disease in the final model.
DISCUSSION
Our study showed that exposure to industrial plume of smoke is statistically associated with the incidence of legionnaires' disease (RR=1.45, 95% CI=1.12 to 1.87). Moreover, the exposure to more than one source of aerosol was also associated with the incidence of disease (RR=1.37; 95% CI=1.04 to 1.79). As the availability of data was at the postcode level, we used an ecological study design to explore the relation between exposure and incidence of legionnaires' disease. This type of study, despite its methodological limitations (see below), offers many advantages: low cost and convenience, appropriateness for environmental exposure and simplicity of analysis and presentation. 32 As we could not measure relevant exposure at the individual level, the only practical way to assess the exposure was ecologically. Poisson regression is more and more used for ecological analysis (particularly for cancer epidemiology), but for infectious diseases, this method is often not appropriate because of the non-independence of events due to person to person transmission. For legionnaires' disease, such transmission does not exist 1 and this regression method was then appropriate to apply.
Nevertheless, some methodical limitations must be acknowledged of this study design and particularly that of ecological bias (or ecological fallacy or aggregation bias), which represents the failure of expected ecological effect estimates to reflect the effect at the individual level. [32] [33] [34] A potential strategy for minimising ecological bias is to use smaller units in order to make the groups more homogeneous with respect to the exposure. 32 For this reason, we used the postcode as the geographical unit, which was the smallest uniform geographical unit we can use in France.
In France, the notification of legionnaires' disease is not complete. A capture-recapture analysis conducted in France in 1998 has estimated that only 30% of cases were notified. 35 As the notification is clinician based and as the capture-recapture analysis have not highlighted differences for the level of notification between Paris area, Rhône Alpes, or the rest of metropolitan France, whereas an industrialisation heterogeneity exist, we assumed that the under-notification is not related to the exposure status (non-differential misclassification). Moreover, the relation between industrial exposure (plume of smoke or aerosol) and sporadic cases of community acquired legionnaires' disease having not been described yet, the presence of a plausible source known to local clinicians should not modify their reporting to local health authorities. In the same way, the inventory of sources of exposure is certainly not exhaustive and some postcodes may have been wrongly ascribed unexposed. As this classification error is probably not related to the incidence of legionnaires' disease, we can assume that the exposure misclassification is non-differential. In our study, as the exposure of groups is characterised by a single common measure (and not by a combination of individual observations, for example, proportion of people exposed) these types of misclassification (non-differential) should tend to attenuate the relation between exposure and disease. 36 Because of the lack of aggregated data at the postcode level, some data were not integrated in our study. For example, it was not possible to take the individual risk factors into account. To do so, it would have been necessary to collect data about the proportion of men and women, smokers, immunodepression, or cancer, and about the age distribution for all postcodes, but these data were not available. For the same reason, data about wind (strength and direction) or about altitude of industries, which can influence the spread of potentially contaminated water and therefore, the exposed or unexposed status, were not included in this study. For all these reasons, we have introduced a geographical gradient in the analysis. In fact, the introduction of a geographical gradient in a multiple Poisson regression model reduced strong spatial correlation, but can also be considered as a proxy confounding variable. 37 We have also made the assumption that population was stable over time. The small number of cases compared with any change of the population over time greatly minimises this problem. In the same way, we did not take the migration bias into account. This bias can affect the validity of ecological study essentially for long latency chronic disease 38 and will probably not apply for legionnaires' disease for which the incubation period is between 2 to 10 days.
Despite the methodological limitations that we have discussed above, the results of our exploratory study suggest that legionnaires' disease may be transmitted through aerosols generated by industrial devices. These preliminary findings need to be confirmed for entire metropolitan France to assure the representativeness of the data. Analytical studies (case-control studies in particular) at an individual level will have to assess the role of such exposure and determine its aetiological fraction. For that, data about age, sex, and other individual risk factors (cancer, chronic illness . . .) will have to be collected. Geographical studies on a national scale will also have to be performed to confirm the geographical gradient, and complementary studies should explain it if necessary. Finally, community outbreaks should also be used to assess the role of industrial exposures in the transmission of Legionella. If these studies confirm our results, then the question of control measures and of the collection of this information on the case investigation will need to be discussed. 
